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> Previous research has sho that subjects improve their performance in estimating unknown quantities when they are a d to write algorithms about these quantities. These algorithms are short combination rules ereby the subjects decompose the unknown quantities into a series of other quantities that they more easily estimate and then use these estimates to arrive at an estimate of the requested q ity. This paper extends this research by exploring the effectiveness of asking subjects to wo the algorithm they create not once, but twice, first using low estimates for the component parts d again using high estimates for the component parts. This study shows that subjects can be 4r med to create agorithmsu but that the use of algorithms does not improve their performance t any great degree. When successful, the technique of creating an algorithm and using it to ma two ,)stimates led to very accurate performance (93% correct). But the technique also badly misled subjects on some occasions, bringing down the overall performance. (Lichtenstein, MacGregor & Slovic, 1987) we have shown that subjects improve their performance in estimating unknown quantities when they are asked to write algorithms about these quantities. These algorithms are short combination rules whereby the subjects decompose the unknown quantities into a series of other quantities that they can more easily estimate and then recompose these estimates to arrive at an estimate of the requested quantity. For example, subjects may, using an algorithm, estimate the number of pounds of potato chips consumed yearly in the U.S. by estimating the number of pounds consumed by the average person per year and multiplying that estim.te by the population of the U.S.
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The present paper extends this research b, exploring the effectiveness of asking subjects to work the algorithm they create not once, but twice, first using low estimates for the component parts and again using high estimates for the component parts.
METHOD
Subjects. The subjects were 276 people who answered an ad in the university student newspaper. They came to a large campus classroom at any time during the designated day to perform the experiment and were paid for their participation.
Stimuli. Nine questions were chosen for use in the experiment; these questions are shown in Table I . Each question suggested to us a fairly simple algorithm that could be used to help in arriving at an estimate of the quantity requested.
Insert Table 1 about here The abbreviated titles were not shown to the subjects.
aThe factor used to arrive at the high and low answers. Half the time, this answer was zilh highe than the correct answer; half the time, it was too low. The subjects were assured that the answer provided was wrong; it was their task to decide whether the given 2nswer
was too high or too low.
The high and low answers used in the experiment are sl-wn in Table   1 , along with the correct answer and the factor used to arrive at the wrong answers. These factors were chosen, on the basis of pretests, so that aDproximately sixty percent of the students would be able to decide correctly whether our answer was too high or too low.
After making this assessment for the first three questions, the subjects received instructions in how to create an algorithm to aid After reading these instructions at their own pace, the subjects were given three more questions and asked to create an algorithm for each one before deciding whether our answer was too high or too low.
Before the final three questions, subjects were given a further set of instructions in which they were asked to construct two estimates for each question, one giving the lowest reasonable answer and one giving the highest reasonable answer. Each of the examples previously used was repeated here, showing the use of low and high estimates.
The instructions to subjects are shown in the Appendix.
Six forms of the q-estiunnaire were prepared, such that, across the forms, each question appeared equally often with a high and a low answer and each question/answer combination appeared equally often in each third of the questionnaire. For each form, there was at least one but no more than two high answers in each third of the questionnaire and at least four but no more than five high answers overall.
RESULTS
Over all the data, there was no significant improvement in the correctness of the decisions made by subjects. In the first part, the subjects made 66.5% correct decisions, in the second part, 69.3%, and in the last part, 69.2%.
Each algorithm was coded by the experimenters according to whether the subject had successfully written an algorithm. The codes for the second part were:
No algorithm.
K: The subject did not write an algorithm, claiming to know the correct answer.
1:
One algorithm.
For the last part, the codes were:
N: No algorithm.
K: The subject did not writ, an algorithm, claiming to know the correct answer.
1: One algorithm.
2: Two algorithms (i.e., one algorithm used twice, to produce two estimates)
For each case of two algorithms, the algorithms were further coded according to the relationship between the two estimates arrived at by the subject and the answer given:
21i: Both estimates higher than the given answer.
2L: Both estimates lower than the given answer.
2S:
One estimate was higher and one estimate was lower than the given answer (S stands for "Split").
2U:
Impossible for the coders to tell where the estimates stood in relation to the answer (U stands for "Unknown").
The results based on these codes is shown in Table 2 . The results for the second part replicate our previous findings: Most of the time (85%) the subjects were able to write an algorithm, and their percentage correct was modestly higher when they could write an algorithm than when they could not.
Insert Table 2 about here The results for the third part show that the subjects were usually (80%) able to create an algorithm and use it to arrive at two estimates. When rliey did so, their decisions were more likely to be correct than 4hen they did not make two estimates. However, a further analysis of the codes inaicates a more complex situation. When both of the subject's estimates are higher than the given answer, it is natuiral that the subjects will decide that the giveio answer is too low. This is quite appropriate when the given answer is, in fact, too low. Subject's decisions were 93% accurate in this situation. But occasionally the subjects produced two estimates larger than the given answer even though the g/ven answer was, in fact, too high. In this situation the subjects were seriously mislead by their estimates, getting only 4% of their decisions correct. The same reasoning applies in the reverse for two estimates that are lower than the biven answer; the results are alio 2irallel. When the subjects' two estimates are split, that is, when one is higher than the given answer au-, tize other is lower, the entire effort gives no guidance to the subjects; in this situation the subjects were correct in only 53%-of their decisions.
DISCUSSION
The present study shows that subjects can be trained to create algorithms, but that the use of algorithms does not improve their performance to any great degree. When successful, the technique of creating an algorithm and using it to make two estimates led to very accurate performance (93% correct). But the technique also badly mislead subjects on some occasions, bringing down the overall performance. Of course, subjects have no way of knowing, when they make two estimates, whether they are in the "successful" situation or the misleading situation. Thus, the method cannot be recommended unequivocably as a decision aid.
Assessing Quantitative Facts
In this task we will present you with some questions, like 'What is the world record time to run a mile?-For each question we provide an answer, like "8 minutes." EVERY ANSVER WE GIVE YOU IS WRONG. Your first task is to decide whether the answer provided is wrong because it is too LARGE a number, that is, too high, or because it is too SMALL a number, that is, too low.
The questions are straightforward; we have not used any "trick' items. We found the answers in various almanacs and the like, and then changed the answers, either by raising them or by lowering them. Some of the answers on your form of the questionnaire are too high; others are too low. In the first part there are only three questions. So please take your time on each one. Think hard about it before deciding whether the answer is too high or too low.
Your second task in this first part is to assess the probability that your decision is correct. Suppose you decided that our answer is too high. Then in this second task we want you to tell us the probability that the answer is, indeed, too high. If you decided that an answer is too low, now we want you to give us the probability that it is, indeed, too low. This probability is stated in terms of "percen: chances." It is a measure of the confidence you have in the correctness of your decision. If you are totally uncertain, so that you could just as well have decided with a flip of a coin, then you have a 50% chance of being right. If you are absolutely certain that you are right, as certain as you are of knowing your own name, then you are 100% certain. A response of 60%, for example, means that there are 60 chances out of 100, or 6 chances out of 10, that you mace the right decision. Your answer in this second task should always be a nu=ber between 50% and 100%, inclusive. DO NOT USE A hUMSER SMALLER THAN 50 OR GREATER THAN 100. You can start this task as soon as you are sure that you understand the instructions. Feel free to ask questions.
MORE INSTRUCTIONS
Next, you'll get three more questions, very like the three you just did.
Again, we are giving you an answer that is WRONG. Again, we are asking for your judgment:
Is the answer we give too high or too low? Again, after you make this decision, you should give us a number between 50 and 100 to express your confidence that your decision is correct.
But this time we want you to use a particular method for evaluating the answer.
In a nutshell, you will use your own knowledge of related facts to construct your own answer, then compare your answer with ours.
The method will be clearer with a couple of examples.
First, a very simple example:
How tall is the Empire State Building in New York City (excluding -he TV antenna on top)?
Our answer: 2500 feet
Here's how to use the method: Forget our answer for a moment, and construct your own.
What do you know that's relevant? Perhaps you can estimate the number of stories in the Empire State Building. Say, about
100.
And you can give a reasonable estimate of the height of an average story, say about le feet.
These two facts or estimates drawn from your own knowledge can be put together to get an estimate of the target quantity: 100 stories times 10 feet per story equals 1000 feet, height of building.
Your estimate, 1000 feet, is much lower than our answer. So our answer must be too high.
That's all there is to it. Search your memory and use your common sense to get facts or estimates that are relevant.
Put these numbers together using simple arithmetic to arrive at your own estimate.
Compare your estimate with our answer.
In fact, the Empire State Building is 1250 feet tall and has 102 stories.
Thus in fact the average story is 1250+ 102 -12.25 feet. Notice that your estimate of 10 feet per story was a bit off.
Nevertheless, the method worked okay, because the answer we gave you was very much off.
If you make small errors in your approximations you'll probably still do okay. Now let's take an example that requires several facts or estimates.
What was the total attendance at all major league baseball games in 1983?
Our answer: 15,186,000
For our first try at this, we'll use four estimated facts:
1. There are about 30 major league teams.
2. Each team plays about 150 games per year. 3. Each game is played by 2 teams. 4.
The average attendance at any one game is about 15,000.
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Put these all together. Thirty teams times 150 games is 4500 team appearances per year. But since each game requires two teams, 4500 -2 2250 total games per year. Games per year times average attendance per game equals total attendance: 2250 times 15,000 -33,750,000 Our new estimate is 33,750,000. That is much larger than the answer provided (15,186,000), so we conclude that the answer provided is too low.
(In fact, there are 26 major league teams and each team plays 162 games per year, and the average attendance per game is 21,632, but we were close enough in our estimates.
The correct answer for the 1983 attendance is 45,557,582.)
There is usually more than one way to approach these questions. For example, suppose I don't have a good idea of how many teams there are, and I don't know how many games they play, but I remember reading that one team had a home attendance, for the year, of less than one million; the article implied that this was very low. So the average attendance for one team must be above one million. I guess it may be 1. 5 million (1,500,000) . It would have to be at least that high for that article I read to make such a big deal about falling below one million.
But how many teams are there? I remember there are two leagues. Each league must have at least 10 teams, for a total of 20 teams. I don't think they each have as many as 20 teams, for a total of 40 teams. Let's try an estimate a bit below the middle of that range, say 25 teams. Twenty five times 1.5 million attendance for each team gives a total attendance of 37,500,000. That is much higher than the provided answer. Even if I had used my low guess for the nunber of teams (20), 1 still would have gotten an estimate larger than the one provided.
So it looks like the answer given is too small.
For each of the following three questions and answers, use the method explained above. Use simple arithmetic, some relevant facts or estimates from your own knowledge, and common sense to arrive at your own estimate of the answer. Then compare your answer with the one given.
Please write out enough words and numbers so that we can understand your approach. Try to make it legible and clear (but you don't need to write us a novel).
Take your time.
We're giving you only three questions in this part so you can concentrate and do a careful job on each one. Don't forget to give a confidence rating, too.
The rating must be a number from 50 (for complete lack of confidence) to 100 (for utter certainty).
Vnw that you know this method, please do NOT go back to change any of your previous answers.
You can start as soon as you understand these instructions.
Feel free to ask questions.
YET MORE INSTRUCTIONS
Finally, there are three more questions. For these, as for the last three, we would like you to construct estimates using facts :ou know. But this time we would like you to construct two estimates, one which gives the lowest reasonable answer and one which gives the highest reasonable answer.
Here's how you might use this method on the Empire State Building problem:
Bow tall is the Empire State Building?
Our Answer: 2500 feet.
Again, you tty estimating the number of stories and the height of each story. But this time you do it twice.
First, make low estimates. You might say that you know there are at least 80 stories in the building. And it wouldn't make sense for the stories to be less than eight feet high, because there has to be room for the floor, the lights, and a 6-foot person. So the lowest the answer could be is: 80 stories times 8 feet per story -640 feet higb.
Second, use high estimates. There could be as many as 150 stories, and each one might be 15 feet high, but not more than that. So the tallest the Empire State Building could be is: 150 stories times 15 feet per story -2250 feet high.
For this example, your low estimate is 640 feet and your high estimate is 2250 feet.
Even your high estimate is smaller than our answer. So you corclude that our answer is too high.
Notice that you could have estimated that each story was 3 feet high or that there were 3000 stories. This would not have made sense. It won't help you to calculate the largest and smallest possible answers. Instead, use the largest and smallest reasonable answers.
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You can evaluate the baseball example by the same methods.
Recall the question and our answer:
Our Answer:
15,186,000
For the lowest reasonable estimate, you might suppose that:
1) There are only 15 major league teams.
2) Each team plays 120 games per year.
3) Two teams play each game.
4) The average attendance at any one game Is about 12,000.
So 15 teams play 120 gazes each for 1800 team-games. But two teams play each game, so there are 1800--." 2 -900 games per season.
Finally, 900 games times 12,000 attending fans -10,800,000 total attendance.
Then, for the highest reasonable estimate, you might suppose that: 1) Tbere are 45 teams. 2) Each team plays 200 games per year. 3) Two teams play each game. 4) The average attendance at a game is 30,000.
Then you get:
45 times 200 -9000 9000 -2 -4500 4500 times 30,000 -135,000,000 total attendance.
For this example, your low estimate (10,800,000) is lower than our answer, and your high estimate (135,000,000) is higher than our answer. This makes your decision more complicated. In such a case, review your estimates and revise them if you wish. Or just use your common sense to decide whether our answer is too high or too low. Now both your high and your low estimates are larger than our answer, so you can reasonably concluze that our answer is too low.
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As before, write out enough words and numbers so that we can understand your approacb.
In addition, please circle your two final estimates to help us find them when reading your paper.
Also, continue to give a confidence rating, from 50 to 100.
Please do not return to any of your earlier answers now that you know this second method.
After these next three questions, there is one more short page. That completes the experiment. Return the materials and sign for your payment. The experimenter will check to see that you completed everything, that your handwriting is reasonably legible, and that all of your confidence ratings are between 50 and 100 (inclusive). When you finish, take a moment to check these things, too.
You can start as soon as you understand these instructions. Feel free to ask questions.
Thank you for your participation.
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